We report superconductivity in the novel 112-type iron-based compound Ca 1−x La x FeAs 2 .
the arsenic square network, and suggested that such compounds can be used to examine the role of charge and polarization fluctuations as well as the importance of two-dimensionality in the mechanism of superconductivity. 19 Although the 112-type iron pnictides AEFeAs 2 (AE = Ca, Sr, Ba ) have not yet been synthesized, the isostructural compounds RET As 2 (RE = rare-earth elements; T = Cu, Ag, Au) have been studied intensively. 20, 21 In this letter, we present a report on the novel 112-type iron-based superconductor Ca 1−x La x FeAs 2 . Although pure CaFeAs 2 was not obtained, we found that the substitution of a small amount of La for Ca stabilizes the 112 phase. Thus, Ca 1−x La x FeAs 2 was synthesized for the first time. Single-crystal X-ray diffraction analysis revealed that the compound consists of arsenic zigzag bond layers that are composed of arsenic single bonds with a formal electron count of As − . This is the first example of an iron-based superconductor belonging to the monoclinic space group P 2 1 (No. 4 ). Magnetization measurements demonstrate the emergence of bulk superconductivity at 34 K in Ca 1−x La x FeAs 2 with a nominal composition of x = 0.10.
Moreover, resistivity measurements revealed trace superconductivity at 45 K for a nominal composition of x = 0.20, suggesting the possible increase in T c in this compound. Furthermore, first-principles band calculations demonstrated that the overall appearance of the Fermi surface is similar to those of 1111-type compounds, 22, 23 which exhibit high-T c superconductivity with the suitable tuning of electronic states using chemical methods. 14 Single crystals of Ca 1−x La x FeAs 2 with nominal compositions of x = 0.10 and 0.21 were grown by heating a mixture of Ca, La, FeAs, and As powders. A mixture having a ratio of Ca:La:FeAs:As = 1 − x:x:1.14:0.99 was placed in an aluminum crucible and sealed in an evacuated quartz tube. The preparation was carried out in a glove box filled with argon gas. The ampules were heated at 700 • C for 3 h, slowly heated to 1100 • C, and cooled to 1050 • C at a rate of 1.25 • C/h, followed by furnace cooling. Single-crystal X-ray diffraction experiments were performed at SPring-8 BL02B1 (Hyogo, Japan). Single crystals with a typical dimensions of 30 × 30 × 10 µm 3 were used for the BL02B1 experiment. The X-ray wavelength was 0.52Å. The lattice parameters obtained and the refined conditions are summarized in Table I . In order to obtain a charge density map using the maximum entropy method (MEM), synchrotron X-ray diffraction data with a reliability factor of 2.06% in the resolution range of d ≥ 0.30Å was used. The chemical compositions were analyzed by energy-dispersive Xray spectrometry (EDS). Electrical resistivity ρ ab (parallel to the ab-plane) measurements were carried out by a standard DC four-terminal method in a physical property measurement system (Quantum Design PPMS). The magnetization M was measured using a SQUID magnetometer (Quantum Design MPMS).
Single-crystal X-ray diffraction analysis revealed that Ca 1−x La x FeAs 2 crystallizes in a monoclinic structure with the space group P 2 1 (No. 4), in contrast to conventional iron pnictide superconductors belonging to tetragonal or orthorhombic space groups. High-temperature X-ray diffraction experiments indicated that the monoclinic structure is stable up to 450 K.
As shown in Fig. 1 and d ≃ 9.0Å in SrFeAsF. 24 The presence of arsenic layers is the most notable feature in the present structure. As shown in Fig. 1(b) , the in-plane adjacent As-As distances can be classified as short and long. The short As-As distance is approximately 2.53Å, which is almost equal to the As-As single bond length of 2.52Å in elemental As. Short As-As bonds form one-dimensional zigzag chains along the b-axis, as shown in Fig. 1 (b). The long As-As distance is approximately 3.02Å, which corresponds to the interchain distance.
The presence of chemical bonds between short As-As bonds was confirmed in the MEM charge density map obtained using synchrotron X-ray diffraction analysis. The color contour map in Fig. 1(b) clearly shows the charge density distributions of regular zigzag arsenic chains. In contrast, significant charge distributions are absent between interchain arsenic ions, indicating the absence of chemical bonds between them.
The electrical resistivity and magnetization data revealed that Ca (10) b (Å) 3.87240 (10) c (Å) 10.3210 (7) α, β, γ ( Note that a phase with a higher T c is suggested in the present compound. As shown in Fig. 3(a) , ρ ab (T ) for Ca 1−x La x FeAs 2 with a nominal composition of x = 0.21 (Ca 0.81 La 0.19 Fe 1.03 As 2.34 , as determined from EDS) exhibits the onset of superconductivity at 45 K, which is much higher than that of the sample with x = 0.10. The superconducting transition is broad, and zero resistivity is observed at 25 K. This temperature of 25 K is consistent with T c determined from the magnetization; a visible diamagnetic signal is obtained below 25 K, whereas no signal is observed at approximately 45 K, as shown in Fig. 3(b) . The
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Letter further opportunities to discover novel iron-based superconductors.
Finally, we present first-principles calculations of the present Ca 1−x La x FeAs 2 using the WIEN2k package. 25 For simplification, we performed the calculation for CaFeAs 2 without replacing Ca with La, although a La-free sample has not been experimentally synthesized.
The structural parameters in Table II were to those of 1111-system superconductors such as LaFeAsO and SrFeAsF. We expect that the optimization of the carrier concentration using chemical procedures will further increase T c .
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